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Abstract 

Background: Attractive toxic sugar bait (ATSB) methods are a new and promising "attract and kill" strategy for 
mosquito control. Sugar-feeding female and male mosquitoes attracted to ATSB solutions, either sprayed on plants 
or in bait stations, ingest an incorporated low-risk toxin such as boric acid and are killed. This field study in the arid 
malaria-free oasis environment of Israel compares how the availability of a primary natural sugar source for 
Anopheles sergentii mosquitoes: flowering Acocio roddiono trees, affects the efficacy of ATSB methods for mosquito 
control. 

Methods: A 47-day field trial was conducted to compare impacts of a single application of ATSB treatment on 
mosquito densities and age structure in isolated uninhabited sugar-rich and sugar-poor oases relative to an 
untreated sugar-rich oasis that served as a control. 

Results: ATSB spraying on patches of non-flowering vegetation around freshwater springs reduced densities of 
female An. sergentii by 95.2% in the sugar-rich oasis and 98.6% in the sugar-poor oasis; males in both oases were 
practically eliminated. It reduced daily survival rates of female An. sergentii from 0.77 to 0.35 in the sugar-poor oasis 
and from 0.85 to 0.51 in the sugar-rich oasis. ATSB treatment reduced the proportion of older more 
epidemiologically dangerous mosquitoes (three or more gonotrophic cycles) by 100% and 96.7%, respectively, in 
the sugar-poor and sugar-rich oases. Overall, malaria vectorial capacity was reduced from 11.2 to 0.0 in the sugar- 
poor oasis and from 79.0 to 0.03 in the sugar-rich oasis. Reduction in vector capacity to negligible levels days after 
ATSB application in the sugar-poor oasis, but not until after 2 weeks in the sugar-rich oasis, show that natural sugar 
sources compete with the applied ATSB solutions. 

Conclusion: While readily available natural sugar sources delay ATSB impact, they do not affect overall outcomes 
because the high frequency of sugar feeding by mosquitoes has an accumulating effect on the probability they 
will be attracted to and killed by ATSB methods. Operationally, ATSB methods for malaria vector control are highly 
effective in arid environments regardless of competitive, highly attractive natural sugar sources in their outdoor 
environment. 
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Background 

Attractive toxic sugar bait (ATSB) methods are a new 
form of vector control that kill female and male mosqui- 
toes questing for essential sugar sources in the outdoor 
environment [1-7]. ATSB solutions consist of fruit or 
flower scent as an attractant, sugar solution as a feeding 
stimulant, and oral toxin to kill the mosquitoes. ATSB 
solutions that are sprayed on small spots of vegetation 
or suspended in simple removable bait stations attract 
mosquitoes from a large area and the mosquitoes ingest- 
ing the toxic solutions are killed. The ATSB methods 
developed and field-tested in Israel demonstrate how 
they literally decimate local populations of different ano- 
pheline and culicine mosquito species [1-5]. Similar suc- 
cessful ATSB field trials have also controlled Culex 
quinquefasciatus from storm drains in Florida, USA [6] 
and Anopheles gambiae s.l. malaria vectors in Mali, 
West Africa [7]. The new ATSB methods are highly 
effective, technologically simple, low-cost, and circum- 
vent traditional problems associated with the indiscrimi- 
nate effects of contact insecticides [8] by narrowing the 
specificity of attraction to sugar-seeking mosquitoes and 
by using environmentally safe oral toxins such as boric 
acid, that is considered to be only slightly more toxic to 
humans and other vertebrates than table salt [9]. 

ATSB methods work by competing with available nat- 
ural plant sugar sources, which are an essential source of 
energy for females and the only food source for male 
mosquitoes [10,11]. Mosquitoes are highly selective in 
their attraction to locally available flowering plants and 
other sources of sugar including fruits, seedpods, and 
honeydew [12-14] and the availability of favourable nat- 
ural sugar sources strongly affects mosquito survival [13]. 
All of the above-noted ATSB field trials used juices made 
from local natural fruits to successfully divert sugar-seek- 
ing mosquitoes from their natural sources of plant 
sugars. Between 50 and 90% of the local female and male 
mosquitoes feed on ATSB solutions within the first few 
days after applications, as inferred from data at control 
sites where the same attractive bait solutions are applied 
without toxin but containing coloured food dye markers, 
which are readily apparent in sugar-fed mosquitoes [1]. 

The present study is on Anopheles sergentii, the most 
common and abundant Anopheles species in Israel and 
the main vector of malaria in the Afro-Arabian zone 
[15,16]. This mosquito species was the main vector 
responsible for malaria outbreaks [17-19] before the 
elimination of malaria parasite transmission from Israel 
in the 1960s [20-22]. 

The objective of this study was to determine the rela- 
tionship between the efficacy of ATSB control and the 
availability of natural plant sugar sources. As demon- 
strated in a recent comparative study of An. sergentii in 



sugar-rich and sugar-poor oases in Israel, the availability 
of natural plant sugar sources affects mosquito fitness, 
population dynamics, and malaria vector capacity [23]. 
Accordingly, a single application of ATSB was made in 
the same two relatively small, isolated, and uninhabited 
sugar-rich and sugar-poor oases. Another larger oasis 
with high densities of An. sergentii was not sprayed and 
served as a control site for the ATSB field trial. 

Methods 

Study sites 

The study was conducted at three oases located within 
the depression of the African-Syrian Rift Valley, in the 
northern part of the Arava Valley, about 25 km south of 
the Dead Sea. The shoreline of the Dead Sea is about 
400 m below sea level while the central Arava Valley 
rises to about 200 m above sea level before it is again des- 
cending towards the Red Sea. The region belongs to the 
Sahara- Arabian phyto-geographical zone [24] . The area is 
an extreme desert with occasional natural oases centred 
on springs and artificial agricultural oases created by irri- 
gation; the conditions in these sites are tropical [25]. The 
climate is arid with an average humidity of 57% and 
annual winter rains averaging of 50-100 mm. The average 
temperature ranges from 20°C from the end of Septem- 
ber to early April and to 30°C from May to August 
[26,27]. The area is known for its rich mosquito fauna 
dominated by An. sergentii, Ochlerotatus caspius and 
Culex pipiens [28]. 

Field experiments were conducted at three oases. Two 
of the oases included small, unnamed and uninhabited 
oases, 5 km apart in the Arava Valley. As recently 
described [23], the environments of the two oases are 
very similar except for the availability of sugar sources. In 
one of the oases (termed "sugar-rich oasis"), there were 
two flowering Acacia raddiana trees that were the pre- 
ferable source of sugar for the mosquitoes [14]. In con- 
trast, there were no flowering plant blossoms in the other 
oasis (termed "sugar-poor oasis"). Both sites covered 
areas of about 5 ha, included small fresh-water springs 
surrounded by dense non-flowering vegetation which 
was largely grazed out by camels and donkeys with no 
visible plant sugar sources during the period of field 
experiments [23,24]. Neot Hakikar oasis served as an 
untreated control site. It is located about 20 km north of 
the small oases and is the largest natural oasis in south- 
ern Israel and the Dead Sea region. In the eastern more 
agricultural part of the oasis a small settlement is located 
with gardens, vast fields and greenhouses. The western, 
much more natural part is a nature reserve with a mix- 
ture of salt marshes, wet and dry Salinas (ie areas high in 
salt content with specialized plant communities) and 
fresh-water springs surrounded by riparian vegetation 
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largely dominated by Phragmites australis L. Gramineae 
and Carex sp. L. Cyperaceae. This natural vegetation, 
crossed by a drainage canal, is partially overgrown by 
reeds and sedges. On the dry banks of the canal vegeta- 
tion is dominated by groves and thickets of trees and 
bushes like Tamarix nilotica and Tamarix passerinoides 
(Tamaricaceae), Prosopis farcta (Mimosaceae), Nitraria 
retusa (Nitrariaceae) and chenopod bushes like Atriplex 
halimus, Atriplex leucoclada, Suaeda asphaltica, Suaeda 
fruticosa (Chenopodiaceae). At the time of the experi- 
ment some T. nilotica and P. farcta bushes were 
flowering. 

Preparation of ATSB solutions 

The ATSB bait solution used in the sugar-rich and sugar- 
poor oases consisted of -75% juice of over-ripe to rotting 
prickly pear cactus (Opuntia ficus-indica, Cactaceae), 5% 
V/V wine, 20% W/V brown sugar, 1% (W/V) BaitStab™ 
concentrate (a product containing antifungal and anti- 
bacterial additives produced by Westham Innovations 
LTD, Tel Aviv, Israel) and boric acid 1% (W/V) [29]. The 
solution was ripened outdoors for 48 h in covered buck- 
ets before adding the BaitStab™ and the boric acid. In 
this study, prickly pear cactus fruit {Opuntia ficus-indica) 
was used because it was locally abundant and known to 
be highly attractive for both sand flies [29] and mosqui- 
toes (Schlein and Muller, unpublished). 

Field application of ATSB solutions 

The ATSB solution was sprayed with a 16-1 back-pack 
sprayer (Killaspray, Model 4526, Hozelock, Birmingham 
UK) in aliquots of -80 ml on 1 m 2 spots at distances of 
~3 m on the vegetation surrounding the fresh-water 
springs of the two isolated oasis (sugar-rich and sugar- 
poor). Predominant types of non-flowering plants sprayed 
at the two sites were P. australis, Atriplex sp. and Suaeda 
sp. As a strategy to minimize potential harm to non-target 
insects, the predominant natural sugar source for An. ser- 
gentii, the flowering A. raddiana trees, present in the 
sugar-rich oasis were not sprayed. One sprayer completed 
the applications in less than 1 h per site. No bait solution 
was sprayed at the control site Neot Hakikar. 

Study design and methods for the ATSB field trial 

The field trial was conducted over a period of 47 days, 
from 1 November to 17 December, 2009. During this 
period, at each of the three study sites, adult mosquitoes 
were sampled at two-day intervals (a total of 24 times) 
using six CDC UV traps (Model 1212, John W. Hock, 
Gainesville, FL) without attractants in fixed positions sur- 
rounding the available fresh-water springs. ATSB bait 
solutions were sprayed on day 12 of the field experiment. 
Collected mosquitoes were sexed, identified to species, 
and the physiological age of female mosquitoes was 



determined by dissecting ovaries and counting the num- 
ber of dilatations [30]. 

Statistical analysis 

To evaluate impacts of ATSB on mosquito populations, 
captures of An. sergentii were examined at four intervals 
(1-12, 13-24, 25-36, and 37-47 days). A logistic regres- 
sion was used to examine the proportion of females 
with three or more gonotrophic cycles in each oasis 
over time. Contrasts were used to test for significant 
changes from the pre-treatment period in each oasis. 
Separate Poisson regressions were used to analyse the 
number of male and female An. sergentii caught in the 
light traps over time in the three oases. Contrasts were 
used to compare the control oasis with the poor and 
rich oases at each time. 

Estimation of vectorial capacity 

Vectorial capacity (VC). defined as the average number 
of infectious bites the mosquito could potentially deliver 
over her lifetime, was used to estimate the impact of 
ATSB on the potential for malaria parasite transmission: 



Where m was the number of mosquitoes per person, 
T was the estimated duration of the gonotrophic cycle 
[23]. EIP was the extrinsic incubation period of malaria 
parasites in mosquitoes assuming to be 10 days [31]. p 
was the survival rate estimated based on parous rates r. 

P=ifr 

Following Dye [32], VC was compared before and 
after the intervention. Therefore, only m and p were 
separately estimated for the two periods, m was esti- 
mated as the average number of female mosquitoes 
caught per trap night. 

Results 

At both the sugar-poor and sugar-rich oases, a single 
application of ATSB on day 12 reduced densities of 
female An. sergentii by over 95% and practically elimi- 
nated male An. sergentii (Figure 1). Densities of female 
and male An. sergentii in the sugar-poor oasis were 
immediately reduced by ATSB treatment compared with 
the more gradual decreases observed in the sugar-rich 
oasis. 

Densities of female An. sergentii in the sugar-poor and 
sugar-rich sites from the pre-treatment period (days 1- 
12) to the post-treatment period (days 13-47) decreased 
over 75-fold and 20-fold, respectively, compared to less 
than a two-fold natural decrease at the control site that 
did not receive ATSB treatment. At the control site, 
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Figure 1 Averages (± 1 standard error) of light trap captures of female and male Anopheles sergentii in three oases (sugar-rich, sugar- 
poor, and control) from 1 November to 17 December, 2009, in Israel (vertical dot lines in panels indicate the date of implementation 
of ATSB). 



densities of female An. sergentii averaged 119.42 ± 9.98 
before day 12 and 83.52 ± 5.30 from days 13-47. At the 
sugar-poor oasis, densities of female An. sergentii aver- 
aged 103.81 ± 10.20 before ATSB treatment and 9.97 ± 
4.02 post-treatment. At the sugar-rich oasis, densities of 
female An. sergentii averaged 217.19 ± 11.54 before 
ATSB treatment and 63.07 ± 13.63 post-treatment. For 
all but two comparisons of the control oasis with either 
rich or poor oases the differences were significant at p < 
0.001 for females after the treatment was applied: 



control was significantly higher than poor and lower 
than rich. 

Similarly, for male An. sergentii, densities decreased 
about 15-fold and four-fold from the pre-treatment to 
the post-treatment period in the sugar-poor and sugar- 
rich sites, respectively, compared to only a one-fold 
decrease at the control site. At the control site, densities 
of male An. sergentii averaged 56.22 ± 4.77 before day 
12 and 40.18 ± 3.59 from days 13-47. At the sugar-poor 
oasis, densities of male An. sergentii averaged 27.36 ± 
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2.37 before ATSB treatment and 1.75 ± 1.05 from post- 
treatment. At the sugar-rich oasis, densities of male An. 
sergentii averaged 47.42 ± 4.88 before ATSB treatment 
and 10.64 ± 3.10 post-treatment. After treatment, males 
were significantly lower in both poor and rich oases 
compared with the control oasis at p < 0.001. 

Table 1 shows, according to pre-treatment days 1-12 
and the three post-treatment periods, how ATSB treat- 
ment in the sugar-poor and sugar-rich oases affected the 
proportion of females classified according to gonotrophic 
cycles (0, 1, 2, 3, and > 3). ATSB treatment reduced the 
proportion of older more epidemiologically dangerous 
mosquitoes (three or more gonotrophic cycles) by 100% 
and 94.9%, respectively, in the sugar-poor and sugar-rich 
oasis. In the control group the proportion of females 
with three or more gonotropic cycles increased slightly 
but not significantly over time. At the sugar-poor site, 
the proportion of females with three or more gonotropic 
cycles was significantly reduced compared to pre-treat- 
ment levels at 13-24 days (p = 0.011), at 25-35 days (p = 
0.014), and at 36-47 days (p < 0.001). At the sugar-rich 
site, the number of females with three or more gonotro- 
pic cycles was significantly reduced in the first week 
post-treatment (p = 0.001) and at the subsequent mea- 
surement times (p < 0.001 for both times). 

Table 1 also shows how ATSB treatment markedly 
reduced female An. sergentii densities, parous rates, survi- 
val rates and vectorial capacity. Compared with the control 
site, while female An. sergentii densities decreased less 
than two-fold as indicated above, parous rates, survival 
rates, and vectorial capacity remained fairly constant 
throughout the monitoring period. From the pre-treat- 
ment period (days 1-12) to the last period of post-treat- 
ment monitoring (days 37-47), the parous rates decreased 
from 0.59 to 0.12 at the sugar-poor site and decreased 
from 0.73 to 0.26 at the sugar-rich site. During the same 



periods, the survival rates decreased from 0.77 to 0.35 at 
the sugar-poor site and decreased from 0.85 to 0.51 at the 
sugar-rich site. Malaria vectorial capacity was reduced 
from a pre-treatment level of 11.2 to 0.0 (last two moni- 
toring periods, days 25-35 and days 37-47) at the sugar- 
poor oasis and from a pre-treatment level of 79.0 to 0.03 
(last monitoring period, days 37-47) at the sugar-rich 
oasis. Reduction in VC to negligible levels was observed 
days after ATSB application in the sugar-poor oasis but 
not until after 2 weeks in the sugar-rich oasis. 

Discussion 

This field trial shows that a single application of ATSB 
solution by plant spraying at the two oases treatment 
sites markedly reduced the relative abundance of An. 
sergentii populations and their longevity. Densities of 
adult females and males, and the proportion of "older" 
more dangerous females were reduced by 95% or more. 
Not unexpectedly, the impact of the ATSB treatment is 
comparable to that demonstrated in previous field trials 
[1-7]. 

The comparison of ATSB spraying of non-flowering 
vegetation in the sugar-rich and sugar-poor oases allowed 
experimental testing of the hypothesis that natural sugar 
resources compete with the ATSB. As expected, ATSB 
application in the sugar-poor oasis reduced densities of 
female An. sergentii by 95% within 2 weeks. In contrast, it 
took 4 weeks in the sugar-rich oasis for ATSB application 
to reduce densities of female An. sergentii by 95%. The 
difference of 2 weeks to 95% population reduction in the 
sugar-rich oasis, likely due to a reduced frequency of 
mosquito exposure to ATSB, represented competition 
with attractive natural sources. 

The finding that, regardless of the available natural 
sugar resources, ATSB use can substantially reduce 
mosquito densities in arid environments is likely due to 



Table 1 Age structure, population parameters, and vectorial capacity (VC) of female Anopheles sergentii before and 
after ATSB treatment on day 12 

Site Intervals of days Total dissected Number of gonotrophic cycles (%) Density/day Parous rate Survival rate VC 









0 


1 


2 


3 


> 3 










Control 


1-12 


180 


30 


23 


14 


11 


22 


119.42 


0.70 


0.84 


33.99 




13-24 


180 


36 


19 


12 


9 


24 


96.08 


0.64 


0.80 


16.85 




25-36 


180 


29 


18 


12 


10 


30 


85.97 


0.71 


0.84 


25.69 




37-47 


180 


24 


17 


15 


12 


32 


68.50 


0.76 


0.87 


32.00 


Sugar poor 


1-12 


180 


41 


32 


14 


6 


7 


103.81 


0.59 


0.77 


11.19 




13-24 


180 


73 


18 


5 


2 


1 


25.42 


0.27 


0.52 


0.08 




25-36 


141 


81 


16 


2 


1 


0 


3.14 


0.19 


0.44 


0.00 




37-47 


92 


88 


11 


1 


0 


0 


1.36 


0.12 


0.35 


0.00 


Sugar rich 


1-12 


180 


27 


19 


14 


9 


30 


217.19 


0.73 


0.85 


79.00 




13-24 


180 


39 


20 


17 


8 


15 


130.83 


0.61 


0.78 


16.33 




25-36 


180 


67 


22 


7 


3 


2 


47.89 


0.33 


0.58 


0.37 




37-47 


171 


74 


18 


6 


1 


1 


10.50 


0.26 


0.51 


0.03 



Beier et al. Malaria Journal 201 2, 1 1 :31 
http://www.malariajournal.eom/content/1 1/1/31 



Page 6 of 7 



high frequencies of mosquito sugar-feeding [33,34]. 
Most female and male mosquitoes likely encounter 
sprayed ATSB solutions and feed at least once during 
their lifespan (Figure 1). When ATSB solutions are 
sprayed on non-flowering vegetation as a strategy to 
reduce overall impact on non-target insects [7], the 
sprayed areas largely represent favourable outdoor mos- 
quito resting microenvironments and not sugar-feeding 
centres containing attractive flowering plants. The prob- 
ability that mosquitoes encounter and feed on sprayed 
ATSB solution at their outdoor resting microhabitats is 
high because these are specific locations where mosqui- 
toes spend most of their time. 

This study demonstrates for the first time under 
experimental field conditions how a single application of 
ATSB can reduce malaria VC from relatively high to 
negligible levels. Based on ATSB field trials to date 
[1-7], it is likely that this new approach can also be used 
in different malaria endemic environments to impact 
entomological inoculation rates (EIRs) and epidemiologi- 
cal parameters of malaria in humans. Remaining are 
challenges in the areas of: 1) product development, to 
standardize attractive baits; 2) deployment methods, to 
determine the seasonal timing and coverage needed to 
maximize efficacy while minimizing potential costs and 
any potential harm to non-target invertebrates; and 3) 
controlled field trials, to determine how ATSB strategies 
can be used in combination with existing vector control 
methods to additionally impact EIRs, especially in eco- 
epidemiological situations where the continuing pro- 
blems of malaria cannot be solved using current vector 
control methods. 

Conclusions 

This study provides further evidence that ATSB meth- 
ods can effectively target and kill sugar-feeding anophe- 
line mosquitoes, and shows how available natural sugar 
resources used by mosquitoes in arid environments 
compete with applied ATSB solutions. While abundant 
sugar resources in the sugar-rich oasis delayed full 
impacts of ATSB by about 2 weeks, mosquito popula- 
tion reductions of over 95% were none-the-less achieved 
by a single ATSB application. As well, this study shows 
for the first time how ATSB can reduce malaria VC 
from relatively high to negligible levels, with only mini- 
mal differences due to sugar-poor and sugar-rich envir- 
onmental conditions. Overall, this demonstration of 
how even single applications of ATSB solutions can 
operationally decimate populations of anopheline mos- 
quitoes and drive their potential for malaria transmis- 
sion to near zero levels highlights the importance of 
ATSB as a promising new tool for outdoor vector 
control. 



Acknowledgements 

We are grateful to Dr Vasiliy Kravchenko and Dr Edita Revay for assisting 
with the fieldwork and mosquito dissections, and Dr Amy Junnila and Dr 
Kravchenko for assistance with statistical analysis. This research was 
supported by grant number 47302 from the Bill and Melinda Gates 
Foundation. 

Author details 

department of Epidemiology and Public Health, University of Miami Miller 
School of Medicine, Miami, FL 33136, USA. department of Microbiology and 
Molecular Genetics, Kuvin Centre for the Study of Infectious and Tropical 
Diseases, Faculty of Medicine, Hebrew University, Jerusalem, Israel, division 
of Infectious Diseases, University of Alabama, Birmingham, AL 35294, USA. 
4 0utbreak Surveillance and Analytics Team, Enteric Diseases Epidemiology 
Branch, Division of Foodborne, Waterborne, and Environmental Diseases, 
National Center for Emerging and Zoonotic Infectious Diseases, Centers for 
Disease Control and Prevention, Atlanta, GA 30329, USA. 

Authors' contributions 

GCM, JCB, WG, and YS conceived and planned the study, interpreted results, 
and wrote the paper. GCM directed and performed the field experiments 
and managed the data. KLA and WG analysed the data. All authors read and 
approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 31 October 2011 Accepted: 1 February 2012 
Published: 1 February 2012 

References 

1. Muller G, Schlein Y: Sugar questing mosquitoes in arid areas gather on 
scarce blossoms that can be used for control. Int J Parositol 2006, 
36:1077-1080. 

2. Muller GC, Schlein Y: Efficacy of toxic sugar baits against adult cistern- 
dwelling Anopheles claviger. Trons R Soc Trop Med Hyg 2008, 102:480-484. 

3. Schlein Y, Muller GC: An approach to mosquito control: using the 
dominant attraction of flowering Tomarix jordani trees against Culex 
pipiens. J Med Entomol 2008, 45:384-390. 

4. Muller GC, Kravchenko VD, Schlein Y: Decline of Anopheles sergentiiand 
Aedes caspius populations following presentation of attractive toxic 
(spinosad) sugar bait stations in an oasis. J Am Mosq Control Assoc 2008, 
24:147-149. 

5. Muller GC, Junnila A, Schlein Y: Effective control of adult Culex pipiensby 
spraying an attractive toxic sugar bait solution in the vegetation near 
larval habitats. J Med Entomol 2010, 47:63-66. 

6. Muller GC, Junnila A, Quails W, Revay EE, Kline DL, Allan S, Schlein Y, 
Xue RD: Control of Culex quinquefasciatus in a storm drain system in 
Florida using attractive toxic sugar baits. Med Vet Entomol 2010, 
24:346-351. 

7. Muller GC, Beier JC, Traore SF, Toure MB, Traore MM, Bah S, Doumbia S, 
Schlein Y: Successful field trial of attractive toxic sugar bait (ATSB) plant- 
spraying methods against malaria vectors in the Anopheles gombioe 
complex in Mali, West Africa. Malar J 2010, 9:210. 

8. Enayati A, Hemingway J: Malaria management: past, present, and future. 
Ann Rev Entomol 2010, 55:569-591. 

9. Environmental Protection Agency: R.E.D Facts: Boric Acid U.S. Environmental 
Protection Agency, Office of Prevention, Pesticides and Toxic Substances, 
Washington DC; 1993, Report PB94-161668; EPA/738/F-93/006. 

10. Yuval B: The other habit: sugar feeding by mosquitoes. Bull Soc Vector 
Ecol 1992, 17:150-156. 

11. Foster WA: Mosquito sugar feeding and reproductive energetics. Ann Rev 
Entomol 1995, 40:443-474. 

12. Grimstad PR, DeFoliart GR: Nectar sources of Wisconsin mosquitoes. J Med 
Entomol 1974, 11:331-341. 

13. Muller G, Schlein Y: Plant tissues: the frugal diet of mosquitoes in 
adverse conditions. Med Vet Entomol 2005, 19:413-422. 

14. Muller GC, Beier JC, Traore SF, Toure MB, Traore MM, Bah S, Doumbia S, 
Schlein Y: Field experiments of Anopheles gombioe attraction to local 
fruits/seedpods and flowering plants in Mali to optimize strategies for 



Beier et al. Malaria Journal 201 2, 1 1 :31 
http://www.malariajournal.eom/content/1 1/1/31 



Page 7 of 7 



malaria vector control in Africa using attractive toxic sugar bait 
methods. Malar J 2010, 9:262. 

15. Zahar AR: Review of the ecology of malaria vectors in the WHO Eastern 
Mediterranean Region. Bull World Health Organ 1974, 50:427-440. 

16. Farid MA: The implications of Anopheles sergentii for malaria eradication 
programmes east of the Mediterranean. Bull World Health Organ 1956, 
15:821-828. 

17. Kligler IJ: The epidemiology of malaria in Palestine. A contribution to the 
epidemiology of malaria. Am J Hyg 1926, 6:431-449. 

18. Saliternik Z: The specific biological characteristics of Anopheles 
(Myzomyia)sergenf/7'(Theo.) and their correlation with malaria control in 
Israel. Bull Entomol Res 1955, 46:445-462. 

19. Saliternik Z: Methods of malaria eradication under the conditions 
peculiar to Israel. Isr J Med Sci 1966, 2:232-238. 

20. Kitron U, Spielman A: Suppression of transmission of malaria through 
source reduction: antianopheline measures applied in Israel, the United 
States, and Italy. Rev Infect Dis 1989, 11:391-406. 

21. Saliternik Z: The history of the struggle against malaria and its 
eradication in Israel. (In Hebrew). American Physicians Fellowship Inc 
Jerusalem 1979, 217. 

22. Yekutiel P: Infective diseases in Israel. Changing patterns over 30 years. 
Isr J Med Sci 1979, 15:976-982. 

23. Gu W, Muller G, Schlein Y, Novak RJ, Beier JC: Natural plant sugar sources 
of Anopheles mosquitoes strongly impact malaria transmission potential. 
PLoS One 2011, 6:e15996. 

24. Zohary M, Orshansky G: Structure and ecology of the vegetation in the 
Dead Sea region of Palestine. Palest J Bot 1949, 4:177-206. 

25. Danin A: Flora and Vegetation of Israel Dordrecht: Junk; 1988. 

26. Beaumont P, Blake GH, Wagstaff JM: The Middle East A Geographical Study 
London: John Wiley & Sons; 1976. 

27. Ashbel D: Bio-climatic Atlas of Israel Jerusalem: Meteorology Department of 
the Hebrew University; 1951, 151. 

28. Margalit J, Avrahami M, Tahori AS: Mosquitoes (Diptera: Culicidae) 
breeding in the Dead Sea Area. Isr J Zool 1973, 22:27-37. 

29. Schlein Y, Muller GC: Experimental control of Phlebotomus papatosi by 
spraying attractive toxic sugar bait (ATSB) on vegetation. Trans R Soc 
Trop Med Hyg 2010, 104:766-771. 

30. Detinova TS: Age grouping methods in Diptera of medical importance. 
World Health Organization Monographs Series 47. Geneva 1 962. 

31. Gu W, Novak RJ: Habitat-based modeling of impacts of mosquito larval 
interventions on entomological inoculation rates, incidence, and 
prevalence of malaria. Am J Trop Med Hyg 2005, 73:546-552. 

32. Dye C: Vectorial capacity: must we measure all its components? Parasitol 
Today 1986, 2:203-209. 

33. Gary RE Jr, Foster WA: Anopheles gambiae feeding and survival on 
honeydew and extra-floral nectar of peridomestic plants. Med Vet 
Entomol 2004, 18:102-107. 

34. Gary RE Jr, Foster WA: Diel timing and frequency of sugar feeding in the 
mosquito Anopheles gambiae, depending on sex, gonotrophic state and 
resource availability. Med Vet Entomol 2006, 20:308-316. 



doi:1 0.1 1 86/1 475-2875-1 1 -31 

Cite this article as: Beier et al:. Attractive toxic sugar bait (ATSB) methods 
decimate populations of Anopheles malaria vectors in arid environments 
regardless of the local availability of favoured sugar-source blossoms. 

Malaria Journal 2012 11:31. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



